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Description 

Technical Field 

The present invention relates to a method of recovering energy from waste liquors from pulp processes. The inven- 
tion relates especially to a method wherein waste liquor is burned in a waste liquor recovery boiler, e.g. in a soda recovery 
boiler, and wherein heat is recovered from the resulting flue gases by producing saturated and/or partially superheated 
steam in the recovery boiler, which steam is superheated in a superheating boiler. 

Background Art 

When combusting waste liquors in pulp processes, the aim is to separate the organic and the inorganic parts of the 
dry substance of the waste liquor from each other. The heat from the organic part of the dry substance is recovered and 
the largest possible amount of steam is produced by means of this heat. Pulping chemicals are recovered from the 
inorganic part of the dry substance in such a form that they can, in subsequent stages of processing, be converted into 
a suitable form to be reused in the cooking process. 

The soda recovery boiler has, until now, proved to be superior for the recovery of heat and chemicals from waste 
liquors. The waste liquor is sprayed in the form of small drops into the boiler. In the hot combustion chamber water vapor, 
volatile parts of the dry substance, and eventually gasif table parts of the dry substance evaporate from the drops. The 
gases inflame, thereby delivering heat to the heat surfaces disposed in the boiler and are discharged from the upper 
end of the boiier. The ash from the waste liquor drops, i.e. the inorganic substances of the waste liquor, accumulate on 
the bottom of the boiler, from which they are removed and through various stages of processing are conveyed back to 
the cooking process. 

The flue gases from the soda recovery boiler contain a great deaf of ash, mainly sodium sulfate, a portion of which 
flows along with the flue gases upwards in the boiler in the form of fine dust or molten drops. The salts contained in the 
ash melt at a relatively low temperature and become, when melting, easily adhesive and corrosive. The deposits formed 
by the molten ash cause the risk of clogging of the flue gas channels and, furthermore, cause corrosion and erosion of 
the heat surfaces of the boiler. The risk of clogging and corrosion increases considerably the number of the shutdowns 
for inspection and maintenance. 

Salt corrodes metal, particularly if the salt is molten or partly molten. A high temperature of the boilsr tubes speeds 
up the formation of deposits and thereby the corrosion of the heat surfaces. Thus, the deposits affect particularly the 
heat surfaces for the superheated steam. Usually the corrosion of the materials is reduced by controlling the temperature 
of the superheater surfaces. 

In the places of the superheater, in which the temperature tends to rise especially high or in which there is a great 
deal of liquid-phase chemicals, in other words, where the corrosion and the erosion are a problem, special-alloy steels 
have to be used. Special-alloy steels are, however, remarkably more expensive than carbon steels or pressure vessel 
steels, which are commonly used, such as chrome/molybdenum-alloy steels. Even special-alloy steels have their max- 
imum operating temperatures, above which they behave in the same way as the cheaper pressure vessel steels. This 
temperature is substantially lower in soda recovery boilers than in, for instance, oil-fired boHers. Further, connecting 
special-alloy steel by welding to carbon steel requires special circumstances, e.g. shielding gas, superalloyed frller metals 
and a demanding welding technique. 

If the endurance of the superheater can be improved material costs are saved and the utilization rate of the pulp 
mill is improved due to the reduced need for shutdowns for maintenance. 

Today, the principal way of avoiding corrosion is to choose a sufficiently low temperature and pressure for the pro- 
duced steam, whereby the detrimental effects of the molten salt decrease. This means that the steam cannot be super- 
heated to as high a temperature as desired for the maximal production of electric power in steam turbine plants. 

In a steam power plant, the higher the pressure and the temperature of the steam can be raised in the boiier the 
higher the overall electrical efficiency of the plant is, i.e. the ratio between the net production of electric power and the 
consumption of process heat. There is a need to raise the overall electrical efficiency of the soda recovery boilers nearer 
to that of the conventional coal-fired power plants, i.e., the pressure and the temperature of the steam produced by the 
soda recovery boilers should be raised to as high a level as possible. Today, the overall electrical efficiency of a soda 
recovery boiler is about 25 %. it would be more advantageous to produce as much electricity by steam as possible 
because the possible overproduction of steam is more easy to utilize in the form of electricity 

In other industrial boilers, a conventional steam pressure/temperature is e.g. 130 bar/536 *C. In soda recovery 
boilers, the pressure and the temperature have to be regulated in accordance with the strength of the available pressure 
vessel steels. In the superheater of the soda recovery boilers, fenitic heat resistant steels and austenttic steels reach a 
longer working life in the hottest part only when the surface temperature of the tubes does not exceed 550 - 600 P C. 
The temperature of the superheated steam in the soda recovery boilers is therefore usually not allowed to rise to 500 
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°C. At a pressure of 60 - 90 bar, a temperature of 450 - 480 6 C is usually considered to be the maximum temperature. 

Attempts have been made to reach higher temperatures in the superheating sections of soda recovery boilers than 
mentioned above, for example by controlling the combustion process in the boiler The incoming secondary and tertiary 
air of the boiler have been controlled in order to achieve as even a combustion process as possible, in which no great 
s temperature variations in the flue gas flow occur. The purpose has been in this way to eliminate sudden and, as regards 
corrosion, dangerously high temperature peaks in the superheater section, in which case it would be possible to increase 
the mean temperature in the superheater section, in this way, an increase of a lew degrees can possibly be achieved 
in the superheater section temperature. 

Attempts have aiso been made to achieve higher steam temperatures without the risk of corrosion by reducing the 
10 fouling of the superheater surfaces. It is possible to some extent, for instance by appropriate feeding of the air, to reduce 
the amount of molten, inorganic material earned by the flue gas flow upwards to the superheaier section to foul the 
surfaces of the superheater. On the other hand, the formation of deposits can also be reduced by continues sweeping. 

Attempts have also been made to reduce the fouling of the surfaces and the clogging of the flue gas channels by 
dimensioning the convection section sufficiently large and increasing the distance between the superheater surfaces. 
is Larger clearences facilitate the sweeping and cleaning of the surfaces. These arrangements increase, however, the 
size of the boiler and are thus, as regards the building costs, unfavourable. 

A soda recovery boiler in which the size of the superheater has had to be increased is, as regards the heat transfer 
and evaporation efficiency, inferior to a corresponding coal-fired boiler. The tendency of the superheater surfaces to foul 
multiplies the number of heat surfaces needed in comparison with a boiler, the flue gases of which contain only smalt 
20 amounts of ash or no ash at ail. 

The suggested improvements mentioned above have not proved to guarantee a continuous production of steam 
having a temperature of above 500 "C. The corrosion of the surfaces of the superheater proceeds, in spite of the alter- 
ations, at an uneconomically fast rate. So far, no such method is being used in pulp mills, by means of which steam of 
the same high quality could be produced in soda recovery boiler plants as in other, conventional power plant boilers. 
2S US-A-2 606 1 03 discloses a method of recovering energy in the form of superheated steam by burning waste liquor 

in a recovery boiler, a separate superheating boiler being used. 

US-A-4 1 35 968 and US-A-4 710 269 relate to processes of increasing the capacity of a conventional recovery 
boiler. This is achieved by dividing the black liquor to be treated into two portions, one of which is partly treated outside 
the recovery boiler and then led along with the other portion to the boiler. 

30 

Disclosure of the Invention 

The object of the present invention is to provide a method which is better than the methods mentioned above for 
producing high-quality superheated steam in a process for the recovery of chemicals from the pulp cooking. 
35 The object of the invention is in particular to provide a method better than the above mentioned for producing electric 

energy in a waste liquor burning process. 

Thus, the object of the invention is to provide a method by means of which it is possible to significantly reduce the 
corrosion of the superheaters in a waste liquor burning process, whereby a saving in material costs is achieved, but 
above all the utilization factor of the pulp mill is improved, i.e., the number of shutdowns for service is reduced. 
40 The above mentioned objects of the invention are realized by a method as disclosed in claim 1 , characterized in that 

a portion of the waste liquor to be supplied for combustion in the recovery boiler rs separated from the waste liquor 
flow for separate treatment; 

the separated portion of the waste liquor is gasified in a gasifying reactor in order to produce combustion gas; 
45 - the combustion gas formed in the gasifying reactor is burned in a superheating boiler, in which the steam produced 
in the recovery boiler is superheated to a temperature of above 500* C. 

The idea of the invention is to produce saturated or only partly superheated steam in the combustion boiler, itself, 
for example in a recovery boiler such as soda recovery boiler, and to superheat the steam in a separate superheating 
so boiler by flue gases which do not contain the impurities of the flue gases of the soda recovery boiler. 

The use of a separate superheating boiler is prior art, see e.g. the aforementioned US-A-2 606 103, The essential 
improvement provided by the present invention is that the same fuel which is combusted in the recovery boiler, e.g. 
black liquor, may be processed by gasifying to provide the fuel for the separate superheating boiler. Substantially no 
auxiliary fuel, such as mineral oil, natural gas or waste wood, is needed lor the separate superheating unless it is desirable 
for dimensioning or other reasons. 

According to the invention, the organic portion of the black liquor is gasified in a gasifying process, either pressurized 
or under no pressure, the produced gas is purified and the combustible gas is transported to a separate superheating 
boiler The gasifying can be carried out with air, oxygen -enriched air or pure oxygen. The heat value of the gas varies 
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usuajfy between 3 and 12 MJ/m 3 n, depending on the gasification .method. The gas produced in a gasification process 
does not contain, at least not remarkabSe amounts of, the detrimental inorganic components of the black liquor. The gas 
is burned like e.g. natural gas. The inorganic material from the gasification process may be used as such or after re- 
generation as pulp cooking chemical. 

5 The gasification of black liquor may be carried out in many different ways. The generated product gas is purified to 

a sufficient extent in order to avoid the fouling and corrosion of the separate superheating boiler caused by molten ash 
and salts typical in the soda recovery boiler. The gasification should aim at as high a heat value of the gas as possible 
and } further, the purification of gas shoufd preserve the temperature of the gas as high as possible. The most essential 
aim of the purification of the gas is to remove as much alkali from the gas as possible. 

10 The waste liguor from a pulp cooking process is concentrated by evaporation prior to the gasification or combustion, 

preferably to a dry solids content of over 65 %, most preferably 75 - 80 % 5 before it is gasified or burned. According to 
the latest technique available, it is possible to concentrate the waste liquor up to a dry solids content of 85 %, in which 
case It is a relatively good fuel. The viscosity of the black liquor has until now imposed a limit to the concentration. By 
means of a new pressure heating process it is possible to reduce the viscosity of the black liquor and the evaporation 

*5 can be carried out up to a very high dry solids content, faciUtating thus the burning of the bfack liquor In a recovery boifer 
and the gasification in a gasifier. The pressure heating and the subsequent high dry solids evaporation improve the 
energy economy of both the soda recovery boiler and the liquor gasifier. 

The main essential feature of the present invention Is that the waste liquor from the evaporation is divided in two 
portions one portion of which is conveyed to a gasifying reactor and the other to a combustion boiler. According to a 

2° preferred embodiment of the invention, approximately 10 - 35 % of the waste iiquor is conveyed to the gasifier. 

The main portion, i.e. 65 - 90 % of the waste liquor is conveyed straight to the waste liquor recovery boiler. 
In the recovery boifer, saturated or partially superheated steam, for instance steam of < 350 9 C, can be produced, 
wh ich is f inaf ly s uperheated in the superheating boiler for example to a steam of > 1 00 bar and > 520 0 C. The s uperheating 
boiler can, if so desired, be pressurized, in which case the space required for it is significantly smaller than that of a 

25 conventional boiler 

The gas from the gasifier is burned in a separate superheating boiler, in which case the design and the materials 
of the superheater can be chosen as in any oil-fired boiler without having to consider the harmful effects of the inorganic, 
molten salts, i.e: 

30 - the superheating surfaces can be placed much closer to each other than in a soda recovery boiler, because they 
do not foui to the same extent as in the soda recovery boiler; 

very tittle or no cleaning at all of the superheating surfaces is needed, because the superheating is effected by 
substantially clean ftue gases; 

the materials for the superheating and other surfaces can be chosen merely on the basis of their heat strength, 
35 without having to consider the corrosion risk; 

if it seems desirable from an economical point of view, gas produced from the waste iiquor and a conventional fuel 
such as natural gas can easily be burned at the same time in the separate superheating boiler 

According to the present invention, the soda recovery boifer or a corresponding waste Uquor recovery boiier is used 
40 tor burning the major portion of the waste liquor or black fiquor stream and for recovering chemicals. The soda recovery 
boiler functions, however, according to the invention principally as a vaporizing boiler, in which only a partial superheating 
of the steam is effected at the most In the vaporizing boiler, the surface temperature of the materials does not rise as 
high as in the superheating section; therefore there is no the risk of corrosion. The superheater possibly disposed in the 
soda recovery boiler will be small compared with a conventional boiler, as the main part of the superheating is effected 
in a separate boiier with purified flue gases and in a considerably hotter environment. The heat surfaces of the super- 
heating boiler are more efficiently used than in a conventional soda recovery boiler, which means that a smaller amount 
of tubes are needed in a smaller boiler, in other words a saving of capital costs is achieved. Further, the need of sweeping 
reduces significantly. Usually about 2.5 % ot the total amount of vapour produced has been used for sweeping. This 
amount can be reduced to about 1.5 %. 
50 The flue gases from the separate superheating boiler can be conducted into the flue gases of the soda recovery 

boiier at some suitable point, in the upper or the lower part of the soda recovery boiler, in which case their heat content 
is recovered more efficiently. In the method of the present invention, the remaining heal of the flue gases of the super- 
heating boiier can be recovered for instance in the preheating of air as in conventional power plant boilers. In a conven- 
tional soda recovery boiler, the flue gases are too impure to be conducted to the air preheater. By using flue gases for 
55 the preheating of air, back-pressure and bted steam can be saved for other purposes. 

Depending on the required steam and power of the mill, the superheating can be adjusted to some extent, but the 
steam turbines have an optimum operation point, from which it is not advisable to deviate too much. 

The pressure and the temperature of the separate superheating boiier can be chosen relatively freely so as to suit 
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the steam system of the mill There is then no need to bu\\d separate pipe systems for many different pressures. The 
same turbine is available for the steam oi the whole milf. 

The separate superheating boiler and the waste Jiquor recovery boiler can be built in such a way that their pressure 
frames are closely connected to each other, for instance by some kind of a precombustfon chamber construction. 

By means of the invention, the following additional advantages can be achieved: 

by increasing the pressure and the operating temperature of the steam recovered from the waste liquor recovery 
process by means oi the superheating boiler, the overalf electrical efficiency of the plant is improved, i.e. more power 
is generated by the heat recovered in the steam; 

the heat surfaces of the separate superheater boiler are more efficiently used than in a conventional soda recovery 
boiler whereby there are less tubes in a smaller boiler which results in savings in investment costs; 
the design of the recovery boiler will be simpler, since the superheater can be omitted from the upper part of the 
combustion chamber and the boiler can for that reason be built in the shape of a tower, in which the height of the 
economizer determines the height of the boiler; 

special-alloy steels are either not needed at all with clean flue gases or at least they are required less extensively 
than in conventional soda recovery boilers, even when operating at higher temperatures; rf very high temperatures 
are desired special material may be used but the amount required is significantly smaller than the one presently 
required; 

when burning the gas, substantially no detrimental, merting salt compounds are formed, and for that reason there 

is no corrosion, even if the boiler is operated at a considerably higher temperature level than at present; 

the gas can be used as starting fuel in the waste liquor recovery boiler, in which case no purchased fuei is needed. 

By treating a portion of the waste liquor in a gasifier the capacity of the puip mill is improved. 

The invention provides an advantageous alternative particularly when modernizing a boiler plant. By altering the 
design of the boiler according to the invention the pressure level of an existing soda recovery boiler plant can be raised 
to the pressure levef of the high-pressure steam of the rest of the mill 

Further, in a plant according to the invention, an increase of 20 - 40 % in the regeneration of liquor is easily reached. 
The regeneration capacity of liquor increases in the plant because a portion of the liquor is regenerated in the gasifier 
outside the soda recovery boiler. 

Brief Description of the Drawing 

The invention will now be described more in detail with reference to the accompanying drawing, in which one em- 
bodiment of the process for recovering energy from waste liquor according to the invention is illustrated schematically. 

Best Mode for Carrying Out the Invention 

The unit for recovery of energy from waste liquor shown in the figure comprises evaporator sections 10 and 12, a 
pressure heating unit 14, a gasifier 1 6, a waste liquor recovery boiler 1 8, a heat recovery section 20 connected to it, a 
separate superheating boiler 22, an air preheaier 24, a steam turbine 26, a generator 28 and a Time mud reburning kiln 30, 

In the method according to the invention, the pulp coming from the digester house is transferred to the washing, 
department 31 , in which the pulp is cleaned and separated from the waste liquor The waste liquor from the washing, 
which usually contains about 15 - 20 % dry matter, is fed through a fine 32 to the first evaporator section 10, in which 
the waste liquor is concentrated to a dry solids content of about 46 %. From the first evaporator section the waste Nquor 
is led to the pressure heating unit 1 4 through a line 34. 

The pressure heating process or the thermal treatment of me waste liquor can be arranged to take place between 
some of the evaporation stages or immediately before the burning. In the pressure heating, the temperature of the waste 
liquor is raised to a temperature higher than the cooking temperature, preferably to 170 - 200 D C, in order to split its 
macromolecular lignine fractions. The heating can be effected by any economically suitable method: direct or indirect 
steam heating, or some other heating, such as electrical heating. As the source of heat for the pressure heating, for 
instance bled steam from a steam turbine plant can be used, The viscosity of the waste liquor can be reduced by means 
of the pressure heating process, thereby improving its treatment and evaporation properties and facilitating transfer of 
the waste liquor from one phase to another. Due to the pressure heating, the evaporation can be carried out up to a 
very high dry solids content which improves the effective calorific value of the waste liquor and the overalf efficiency of 
the electricity production of gas turbine power plant. 

From the pressure heating, the waste liquor is led through a iine 36 to the evaporator section 1 2, in which the waste 
liquor is finally evaporated to a dry solids content of about 80 %. From the final evaporation, the waste Jiquor is led 
through a fine 38 to be sprayed by nozzles 40 into the recovery boiler 18. 
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Combustion air is supplied to the recovery boiler through a line 42 from the air preheater 24. Through the char bed 
44 accumulated on the bottom of the recovery boiler, the molten, inorganic matter flows through an outlet 46 to a dis- 
solving vat, not shown in the figure. 

In the recovery boiler 18 and the heat recovery section 20, heat is recovered by means of vaporazing surfaces 48 
and water preheaters 50. The flue gases are discharged trom the boiler through a line 52. The steam can, if desired, 
be partially heated in the recovery boiler by means of superheating surfaces 51. 

Pre-evaporated, pressure heated and finally evaporated waste liquor is supplied through a line 54 to the gasification 
stage 16 according to the invention. The gas generated in the gasification stage is led through lines 58 and 56 to the 
superheating boiler 22, and the residua}, inorganic fraction remaining in the gasifieris fed through a line 64 to regeneration 
of chemicals which will not be described here closer. A portion of the gases is led through a line 62 to a lime mud 
reburning kiln 30. The gases from the gasifier are conveyed, preferably through a purification unit 60, to the superheating 
boiler or the lime mud reburning kiln whereby the purrficatjon unit removes from the gases the components which are 
detrimental in the subsequent processes, ff desired, a portion of the gas from the gasifier can be used as auxiliary fuel 
in an auxiliary boiler such as bark boiler. 

Combustion air is supplied to the superheating boiler through a line 68 from the air preheater and possibly also 
auxiliary fuel through a line 70. Superheating surfaces 72 are disposed in the superheating boiler for the superheating 
of the steam coming from the recovery boiier through steam pipes 74. The superheated steam is led through a line 76 
to the steam turbine plant, in which electric power is generated by the turbine 26 and the generator 28. 

The flue gases are passed from the superheating boiler directly to the upper part of the recovery boiier or through 
a line 7B to the lower part of the recovery boiler. A portion of the flue gases are passed through a line 30 to the air 
preheater 24, 

One of the principal starting points of the invention is that an appropriate amount of waste liquor, such as black 
liquor, is gasified to combustible gas and regeneratable chemicals. By an appropriate amount is meant an amount of 
fuel by which the desired separate superheating can be accomplished. 

As the flue gases in the separate superheating are clean they can be used also for heating the combustion air of 
the boilers in the air preheaters. Thereby back-pressure and bled steam can be saved. 

The pure flue gases from the separate superheating boiler can be circulated as such to the lower section of the 
furnace to enhance the burning process. 

The economical profit from the method according to the invention results especially from the big electric power 
portion in comparison with the steam portion which can be achieved by it. In present-day integrated paper and pulp 
mills, the steam demand has decreased. Therefore, it is not any more profitable to recover the energy received from 
the burning of waste liquor in the form of surplus steam of inferior quality but the energy should be recovered in the form 
of electric power. By means of the system according to the invention, the electric power yield achieved in the paper and 
pufp mills is significantly higher than in the system used at present. 

EXAMPLE 

In the examples below are compared the steam values, the net electric power, steam volumes and the overall 
electrical efficiency of a conventional soda recovery boiler and two soda recovery boiier - superheating boiler combina- 
tions according to the invention, operating in a puip mill, in which 

the black liquor flow is 1 8.5 kgDS/s 

the bled steam (1 2 bar) demand is 15,4 kg/s and 

the low pressure steam (4,5 bar) demand is 49.6 kg/s 

Example case I: 

The plant comprises a conventional soda recovery boiler which together with a bark-fired boiler produces high 
pressure steam for turbines, from which bled steam and low pressure steam is further obtained for a sulphate pulp 
process. In addition to the high pressure and bleeder turbine, electric power is also generated by a condensing turbine. 

77.2 kg/s of high pressure steam (480° C, 85 bar) is produced. The high pressure steam is allowed to expand in the 
high pressures turbine to 12 bar. A portion of this bleeder steam is used in the mill The bleeder steam 6err\ano' in the 
pulp mill is 1 5.4 kc/s and 6.7 kg/s of it returns in the form of condensate. The remaining portion of the bleeder steam is 
allowed to expand in a back-pressure turbine to 4.5 bar. Most of the tow pressure steam is supplied to the mill to be 
used as process steam and the remaining portion passes through a condensing turbine, expanding to 0.06 bar. The 
condensate returns from the mill at a temperature of 120°C, The low pressure steam demand of the pulp mill is 49.6 
kg/s of which 40.7 kg/s returns in the form of condensate. 

The combined mechanical electric power received from the high pressure, bleeder and condensing turbines is 46.0 
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MW; if fosses are considered, 42.2 MW. Calculated on the bleeder steam volume and the low pressure steam volume, 
the process heat of the pulp mill Is 1 57.7 MW. The overall electrical efficiency of the plant is 42.2/157.7 - 0.236. 

Example case II: 

The plant comprises a soda recovery boiler and a super heating boifer which burns gas obtained from a gasifying 
reactor. The superheating of the high pressure steam is effected in the superheating boiler, only. A bark-fired boiler 
additionally produces high pressure steam. The turbine plant does not include a condensing turbine. The energy demand 
of the lime sludge reburning kiln is met by the gas obtained from the gasifying reactor and by purchased tuel 

61.9 kg/s of steam {311*C, 100 bar) is produced in a soda recovery boifer which steam is superheated in a super- 
heating boiler to high pressure steam (540°C, 100 bar). The bark-fired boiler produces 5.6 kg/s of high pressures steam. 
Thus, the plant produces a total of 67.5 kg/s of high pressure steam. The steam volumes required in the pulp plant are 
the same as in example case I. 

1 2.5 kgOS/s oi black liquor is incinerated in a soda recovery boiler, in which no superheating of steam is carried 
out. 6 kgDS/s of black liquor remains to be transported for gasification. 2.5 m 3 n/kgDS of product gas with a heat value 
of 4 M J/m 3 n is produced by the gasification. 

The energy produced from black liquor transported to the gasification can be calculated from the above estimates; 
it is 60 MW. The energy demand of the superheating boiler is 49.16 MW. The remaining energy (60 - 49.16)MW = 1 9.84 
MW is used to cover the energy demand of the lime mud reburning kiln. Thus, in the example case II , the purchased 
fuel demand of the time mud reburning kiln is reduced to 4,36 MW which is 24 % of the original demand. 

in this case the combined net power produced by the turbines is 42.4 MW The process heat is 157.7 MW which is 
the same as in the preceding example. The overall electrical efficiency is thus 0.269. 

Example case III 

The plant comprises a soda recovery boiler and a superheating boiler according to the invention which burns the 
gas from the gasifying reactor. The whole volume of steam from the soda recovery boiler is high pressure superheated 
in the superheating boifer. Additionally, the bark-fired boiler (auxiliary boiler) produces high pressure steam. The turbine 
unit includes also a condensing turbine. All the gas produced in the gasifying reactor is combusted in the superheating 
boiler which increases the volume of high pressures gas received from the soda recovery boiler compared to example 
case II. 

13.5 kgDS/s of black liquor is combusted in a soda recovery boiler and 66.9 kg/s of five steam (311°C, 100 bar> is 
produced. The energy required for superheating the steam of the soda recovery boiler is 50 MW and the demand is 
covered by the product gas from the gasifying reactor. Gasification of 5 kgDS/s of black liquor produces gas with an 
energy content oi 50 MW which covers the demand of the superheating boiler. The bark-fired boiler additionally produces 
5,6 kg/s of steam. The steam volume produced by the whole plant is 72.5 kg/s and the net power produced by the turbine 
plant is 7. 1 MW. The overall electrical efficiency is thus 47. 1 MW/157.7 MW = 0.298. 

When comparing the example cases with each other it can be stated that in the example case II, gas is produced 
to partly cover also the energy demand of the lime mud reburning kiln. The need to purchase fuel reduces to 24 % 
compared to example case I. Further, no condensing turbine is needed in the plant to produce electricity. The overall 
electrical efficiency of the plant is slightly improved. Also, the previously mentioned advantages provided by the invention, 
for example less problems with the corrosion of the superheating surfaces, are achieved. 

fn the example case III, the net electrical power production of the plant increases from 42.2 MW to 47.1 MW. At the 
same time the overall electrical efficiency of the plant improves significantly compared to example case I 



Table I. 



Results from the example cases 




CASEI 


CASE II 


CASE ill 


NET ELECTRIC POWER 


42.2 MW 


42.4 MW 


47.1 MW 


STEAM PRODUCED IN SODA RECOVERY BOILER 


480 °C/85 
bar 


311°C/100bar 


311 °C/100 
bar 


HIGH PRESSURE STEAM VALUES 


480 fl C/85 
bar 


540 *C/100 
bar 


540 °C 100 
bar 



Continuation of the Table on the next page 
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Table I. (continued) 



Results from the example cases 




CASE 1 


CASE II 


CASE Ml 


HIGH PRESSURE STEAM QUANTITY 


77.2 kg/s 


67.5 kg/s 


72.5 kg/s 


OVERALL ELECTRICAL EFFICIENCY 


0.268 


0.269 


0.298 


PURCHASED FUEL DEMAND OF LIME MUD REBURNING 
KILN 


18.2 MW 


43 W 


18.2 MW 



Within the scope of the invention, both gasification and superheating and even the waste liquor combustion itself 
can be earned out at a raised pressure whereby the general advantages of a pressurized plant are achieved. 



Claims 

1. Method of recovering energy from waste liquors from pufp processes, in which method waste liquor (38) is burned 
in a waste liquor recovery boiler {1 8) and heat Is recovered from the resulting flue gases by producing in the recovery 
boiler saturated and/or partially superheated steam, which steam is superheated in a superheating boiler (22), 
characterized in that 

a portion of the waste liquor supplied for the combustion fs separated prior to the combustion (1 8) lor separate 
treatment (16); 

the separated portion (54) ol the waste liquor is gasified in a gasifying reactor (16) in order to produce a com- 
bustion gas (58) and an inorganic fraction (64); 

the combustion gas produced (58, 56) in the gasifying reactor (16) is burned in the superheating boiler (22), in 
which the steam (74) produced in the recovery boiler (18) is superheated to a temperature of above 500°C. 

2. Method according to claim 1 , characterized in that 10 - 35 % of the waste liquor (54) is gasified in the gasifying 
reactor (16). 

3. Method according to claim 2, characterized in that waste liquor having a dry solids content of > 65 % is supplied 
to the gasifying reactor (16). 

4. Method according to claim 2, characterized in that waste liquor having a dry solids content of 75 - 85 % is supplied 
to the gasifying reactor (16), 

5. Method according to claim 3 or 4, characterized in that the waste liquor is pressure heated (14) before it is sup- 
plied-to the gasifying reactor (16). 

S, Method according to claim 1, characterized in that the combustion gas (58) from the gasifying reactor (16) is 
purified before it (56) is supplied to the superheating boiler (22). 

7. Method according to claim 1 ( characterized in that superheated steam (76) of > 1 00 bar and > 520 °C is produced 
in the superheating boiler (22). 

8. Method according to claim 1, characterized in that partially superheated steam (74) of < 350 °C, which is finally 
superheated in the superheating boiler (22), is produced in the recovery boiler (18). 

9. Method according to claim 1, character ized in that the gasifying reactor (16) and/or the superheating boiler (22) 
is pressurized. 

10. Method according to claim 1 , characterized in that the flue gases (78) from the superheating boiler (22) are com- 
bined with the flue gases of the recovery boiler (1 8). 

11. Method according to claim 1, characterized in that the flue gases (80) from the superheating boiler (22) are used 
to preheat (24) the air (42) which is to be supplied to the recovery boiler (18). 
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12. Method according to claim 1 , characterized in that the flue gases (78) from the superheating boiter (22) are led to 
the tower part of the recovery boiler (18). 

13. Method according to claim 1 , characterized in that the gas (58, 62) produced in the gasifying reactor (16) is used 
as fuel in a rime mud reburning kiln (30) and/or auxiliary boiler. 



Fatentanspruche 

1. Verfahren zur Ruckgewinnung von Energie aus Abfaugen aus Halbstoffprozessen, bei welchem Verfahren Abiauge 
(38) in einem Ablauge-Ruckgewinnungskessel (18) verbrannt wird und Warrne aus den enistehenden Rauchgasen 
wiedergewonnen wird, indem gesattigier und/oder zum Teii uberhttzter Dampf im Ruckgewinnungskessei erzeugt 
werden, welcher Dampf in ernem OberhitzungskesseJ (22) uberhitzt wird, dadurch gekennzeichnet. daft 

- ein Teii der zur Verbrennmg eingefubrten Abfauge vor der Verbrennung (18) zur separates Behandlung (16) 
abgeschieden wird; 

- der abgeschiedene Teti (54) der Abiauge in einern Vergasungsreaktor (16) vergast wird, urn ein Verbrennungs- 
gas (58) und eine anorganische Fraktion (64) zu erhaiten; 

- das im Vergasungsreaktor (16) erzeugie Verbrennungsgas (58, 56) im Qberhitzungskessel (22) verbrannt wird, 
wo der im Ruckgewinnungskessei (18) erzeugte Dampf (74) auf eine Temperatur Ober 500 *C uberhitzt wird. 

2. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daft 10 bis 35 % der Abfauge (54) im Vergasungsreaktor 
(16) vergast werden. 

3. Verfahren gernaft Anspruch 2, dadurch gekennzeichnet, daB dem Vergasungsreaktor (16) Abiauge mrt einem Trok- 
kengehait > 65 % zugefuhrt wird. 

4. Verfahren gemaB Anspruch 2, dadurch gekennzeichnet, daft dem Vergasungsreaktor (16) Abfauge mit einem Trok- 
kengehaft von 75 bis 85 % zugefuhrt wird. 

5. Verfahren gemaB Anspruch 3 oder 4, dadurch gekennzeichnet, daft die Abiauge druckerhiizt (14) wird, bevor sie 
dem Vergasungsreaktor (16) zugefuhrt wird, 

©. Verfahren gernaft Anspruch 1, dadurch gekennzeichnet, daft das Verbrennungsgas (58) vom Vergasungsreaktor 
(16) gereinigt wird, bevor es (56) dem Uberhitzungskessel (22) zugefuhrt wird. 

7. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daft im Uberhitzungskessel (22) uberhttzter Dampf (76) 
mit > 1 00 bar und > 520 *C erzeugt wird. 

8. Verfahren gemaB Anspruch 1 , dadurch gekennzeichnet, daB im Ruckgewinnungsskessel (18) zum Teii uberhitzter 
Dampf (74) mit < 350 *C erzeugt wird 7 der zum SchluB im Uberhitzungskessel (22) Qberhitzt wird. 

9. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daB der Vergasungsreaktor (16) und/oder Oberhitzungs- 
kessef (22) druckbeaufschiagt sind. 

10. Verfahren gemaB Anspruch 1 , dadurch gekennzeichnet, daB die Rauchgase (78) vom Uberhitzungskessel (22) mit 
den Rauchgasen vom Ruckgewinnungskessei (18) zusammengefuhrt werden. 

11. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daB die Rauchgase (80) vom Uberhrtzungs kessef (22) zur 
Vorwarmung (24) der Luft (42) benutzt werden, die dem Ruckgewinnungskessei (18) zugefuhrt werden soil. 

12. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daB die Rauchgase (78) vom Uberhitzungskessel (22) in 
den unteren Teii des Ruckgewinnungskessets (18) geteitet werden. 

13. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daB das im Vergasungsreaktor (16) erzeugte Gas (58, 62) 
ais Brennstoff in einem Kalkruckverbrennungsoien (30) und/oder einem Hilfskessel verwendet wird. 
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Revindications 

1 . Precede de recuperation de I'energie a partir des lessives residuaires provenant des processus de pate, dans leque! 
precede de la lessive residuaire (38) est brOlee dans une chatidiere de recuperation de Ja lessive residuaire (18) 
et de la chafeur est r6cuper6e des gaz de fumee qui en resultenl en produisant dans ia chaudiere de recuperation 
de la vapeur saiuree et/ou partieJIement surchauffee, iaqueile vapeur est surchauffee dans une cnaudiere de sur- 
chauffage (22), 

caracterise en ce que 

une partie de !a lessfve residuaire prevue pour la combustion est separee anterieurement a Ea combustion ( 1 8) 
pour un traitement separe (16); 

la partie s6paree (54) 6e la tessive residuaire est gazeifiee dans un reacteur de gazeification (16) afin d'obtenir 
un gaz de combustion (58) et une fraction inorganique (64); 

le gaz de combustion produit (58, 56) dans le reacteur de gazeification (16) est brute dans la cnaudiere de 
surchauffage (22), dans Iaqueile la vapeur (74) produite dans fa chaudiere de recuperation (18) est surchauffee 
a une temperature superfeure a 500 °C. 

2. Procede selon !a revendication 1, caracterise en ce que 10 - 35 % de la lessive residuaire (54) est gazeifiee dans 
fe reacteur de gazeification (16). 

3. Procede selon la revendication 2, caracterise en ce que de la lessive residuaire presentant une teneur en matiere 
seche de > 65 % est toumte au reacteur de gazeification (1 6). 

4. Procede selon la revendication 2, caracterise en ce que de la lessive residuaire presentant une teneur en matiere 
seche de 75 - 85 % est fournie au reacteur de gazeification (16). 

5. Procede seton la revendication 3 ou 4, caracterise en ce que ia lessive residuaire est chauffee sous pression (14) 
avant d'etre fournie au reacteur de gazeification (16). 

6. Precede selon la revendication 1, caracterise en ce que fe gaz de combustion (58) provenant du reacteur de 
gazeification (16) est cpure avant cefui-ci et foumi a la cnaudiere de surchauffage (22). 

7. Precede selon la revendication t, caracterise en ce que de la vapeur surchauffee (76) de > 100 bar et < 520°C 
est produite dans la chaudiere de surchauffage (22). 

8. Procede" selon fa revendication 1 , caracterise en ce que de ia vapeur partiellement surchauffee (74) de < 350*0, 
qui est finalement surchauffee dans la chaudiere de surchauffage (22), est produite dans la chaudiere de recupe- 
ration (18). 

9. Precede" selon la revendication 1, caracterise en ce que le reacteur de gazeification (16) et/ou la chaudiere de 
surchauffage (22) est pressurise. 

10. Precede selon la revendication 1 , caracterise en ce que fes f umees (78) provenant de la chaudiere de surchauffage 
(22) sont combiners avec fes fumees issues de ia chaudiere de recuperation (18). 

11. Precede selon la revendication 1 , caracterise en ce que les fumees (80) emises par la chaudiere de surchauffage 
(22) sont utHisees pour prechauffer (24) Pair (42) devant etre introduit a la chaudiere de recuperation (18). 

12. Procede selon ia revendication 1, caracterise en ce que les fumees (76) issues de fa chaudiere de surchauffage 
(22) sont condurtes a ia partie inferieure de la chaudiere de recuperation (18). 

13. Procede selon fa revendication 1, caracterise en ce que Je gaz (58, 62) produit dans fe reacteur de gazeification 
(16) sert de cobustibfe dans un four de recombustion des boues r6siduatres de chaux (30) et/ou dans une chaudere 
supplemental. 
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